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Abstract 
Data from the Nansen Basin of the Arctic Ocean are used to investigate the habitat and conditions under which the polar 
planktic foraminifer Neogloboquadrina pachydenna (sin.) calcifies. The vertical distribution of 6 “0 values of net-sampled 
specimens, together with their abundances and proportion of calcification, are compared with S “0 values from both water 
samples and foraminiferal tests from core-top sediments. Within the Nansen Basin the average depth of habitat of N. 
pachyderma (sin.) changes from about 150 m in the southern part to about 80 m in the northern. The average depth of 
calcification, however, in both regimes varies between 100 and 200 m water depth. aI80 data from net sampled N. 
pachydenna (sin.) are directly reflected in the core-top sediment data, but compared to equilibrium calcite a”0 values 
derived from measurements of the ambient water, a consistent offset of about 1%0 over all depth intervals is observed. While 
in the southern part of the Nansen Basin advection through Fram Strait of planktic foraminifers from further south may play 
a role, the data from the northern part of the Nansen Basin give clear evidence that the observed offset in 6 I80 values is 
caused by a vital effect of N. pachyderma (sin.). 
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1. Introduction 
Stable oxygen isotopic compositions of 
foraminiferal calcite tests from deep sea sediment 
cores are widely used to deduce paleoceanographic 
information. The left coiling species, Neogloboquad- 
rina pachyderma (sin.) is a strictly polar foraminifer 
[ll. Because of its consistent appearance during 
glacial and interglacial times in polar environments it 
is of great importance for paleoceanographic studies 
and has long been used in studies of the Arctic 
Ocean and Nordic seas (e.g., [2]). However, up to 
now very little has been known about the conditions 
of calcification, vertical distribution and life-cycle of 
N. pachydenna (sin.) [3-61. 
The S “0 composition of foraminifers is ideally 
determined by the 6”O of the surrounding water, 
which is incorporated into the calcite shell with a 
* Corresponding author. Tel: +49 431 600 2252. Fax: +49 
431 600 2941. E-mail: dbauch@geomar.de 
’ Present address: Bockhomerstrasse 75, 26316 Varel-Seghom, 
Germany. 
temperature-dependent fractionation factor. There- 
fore S “0 measurements of foraminifers in sediment 
cores are generally used to obtain information about 
temperature and salinity variations. By using temper- 
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ature estimates derived from foraminiferal census 
counts (e.g., [7]) and information about the ice vol- 
ume effect from sea-level changes [Sl, attempts have 
been made to reconstruct surface ocean salinity dis- 
tributions during the past (e.g., [9]>. For such an 
approximation it is generally assumed: (1) that S 180 
and salinity variations of the water column are lin- 
early related; (2) that this linearity is also valid for 
the past; and (3) that there is an approximate correla- 
tion between surface water conditions and conditions 
of calcification. It is obvious that this simplification 
introduces errors, and we believe that these errors 
significantly distort paleoceanographic nterpreta- 
tions under Arctic Ocean conditions. In this area 
6180 and salinity are in fact not linearly related [101 
and a strong halocline, together with constant surface 
temperatures (e.g., [l l]), make an approximation be- 
tween conditions of calcification and surface water 
properties highly questionable. The investigation of 
this problem has significance beyond the Arctic be- 
cause the environment in the Nordic seas may have 
shared similarities with the present Arctic Ocean 
Fig. 1. Contour map of 6’sO values measured on N. pachydetma (sin.) from core-top sediments (modified after [21]). 0 = stations with 
values out of the range of the contour intervals. The inset shows the geographic positions of stations taken during ARK IV/3, used in this 
study (W = stations with plankton tow. water and sediment data; H = either water or core-top data are missing; 0 = plankton tow data 
only: l = water or core-top sediment data used for interpolation to nearby stations). 
during glacial times (e.g., sea-ice conditions [7]). 
In this paper we present an interdisciplinary ap- 
proach investigating the habitat of N. pachyderma 
(sin.) in the Arctic Ocean based on the study by 
Carstens and Wefer [3], but now with an emphasis 
on the reflection of 6 “0 values of the water column 
[IO] in S1*O values of N. pachyderma (sin.) from 
plankton tows and core-top sediments [ 121. 
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bon AMS dating for some of the cores tops reveals 
ages of about 3-3.5 kyr, this is due to generally low 
sedimentation rates and bioturbation [ 121. 
Isotope measurements are presented using the 
conventional 6 “0 notation with PDB as standard 
for carbonates and SMOW for water. 
The “equilibrium calcite value”, d,, was calcu- 
lated for all water samples from actual 6 ‘*O (d,) 
and temperature (T) measurements according to 
[15,161: 
2. Materials and methods 
During the 1987 ARK IV/3 expedition [13] water 
samples, plankton tows and surface sediment were 
collected (for stations see inset in Fig. 1). Sample 
collection and handling procedure for the plankton 
tows is described in detail by [3]. For each isotope 
measurement, conducted in the laboratory at Bremen 
University, about IO-20 and 20-30 individuals were 
picked from the size fractions > 250 km and 160- 
250 pm, respectively. Care was taken to pick similar 
individuals, that is, those showing a secondary cal- 
cite crust and which had been alive when sampled. 
Only for the deepest sampling interval of each sta- 
tion were dead specimens included in the measure- 
ments. No systematic offset was observed for these 
samples. Due to the small sample size it was not 
possible to measure specimens without a secondary 
calcite crust. Plankton tow, water and core-top sedi- 
ment 6 ‘*O data have precisions of < 0.07%0, < 
0.07%0 [14] and 0.09%0 [12], respectively. Radiocar- 
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Fig. 2. Potential temperature, salinity, and a’*0 profiles from (a) station 285, and(b) station 362. 
T = 16.9 - 4.38(d, - d,) + O.l(d, - d,J’ 
The “equilibrium calcite value” represents he 6 ‘*O 
content of inorganic calcite precipitated in isotopic 
equilibrium at T and d,. Any offset in the 6 ‘*O 
content of a foraminifer calcifying at T and d, to the 
“equilibrium calcite value”, is generally referred to 
as being caused by the species-dependent “vital 
effects” (e.g., [ 171). 
3. Hydrographic setting and S’*O distribution in 
the water column 
At present, the central Arctic Ocean is covered by 
sea ice throughout the year. The halocline is about 
200 m thick, with temperatures close to the freezing 
point of sea water (ca. - l.S”C>. It is maintained by 
waters from the shelves (e.g., rivers, meltwater from 
sea-ice and brines released uring sea-ice formation), 
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all of which have a wide range of salinity [18]. 
Atlantic waters flow into the Arctic Ocean via the 
West Spitsbergen Current and cause an Atlantic-de- 
rived temperature and salinity maximum at 200-500 
m water depth. These waters describe a cyclonic 
circulation within the Arctic Ocean with several 
branches turning back towards Fram Strait [19,20]. 
In the southern regime of the Nansen Basin (Fig. 
1, stations 269-340) the 6 I80 composition of water 
samples shows little variation with depth (Fig. 2a) 
and salinity decreases towards the surface, due to the 
influence of sea-ice meltwater [lo]. Further north 
(stations 358-371 and 376) decreasing 6 “0 as well 
as decreasing salinity values are observed near the 
surface (Fig. 2b), due to the influence of river runoff. 
This north/south hydrographic boundary is well 
characterized by the occurrence of river runoff to the 
north and the cross-over between et sea-ice melting 
towards the south and net sea-ice formation towards 
the north [IO]. 
4. Sediment data base 
N. pachyderm (sin.) 6i80 values in core-top 
sediments from the Arctic Ocean show a strong 
decrease from the middle of the Nansen Basin up to 
the Lomonosov Ridge (Fig. 1, modified from [21]). 
In the Canadian Basin the S 180 values decrease 
further, but with a smaller gradient. Only near the 
shelf break of the Barents Sea do 6 180 values show 
a decrease towards the south. 
5. Results from plankton tows 
The absolute concentration of planktic 
foraminifers in the upper 5OOm of the water column 
shows a maximum of 60 ind me3 (for tests 160-250 
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Fig. 3. (a) Total abundances of planktic foraminifers vs. latitude of 
the station location. 0 = tests between 160 and 250 km; A = tests 
> 250 km). The solid line shows the percentage of M. pachy- 
derm (sin.) of total abundances vs. latitude. (b) Average depth of 
habitat (0) and average depth of calcification (A ) of N. pachy- 
derm (sin.) vs. latitude. 
p,m) at station 296, which was at that time located 
near an area with only partial sea ice cover (90% ice 
cover at station 310, 30% at station 340 and 100% at 
all other stations) [3]. Further north, concentrations 
decrease rapidly (Fig. 3a). N. pachyderma (sin.) was 
found to be the dominant species, accounting for 
around 50% of all planktic foraminifers at the south- 
em stations, increasing up to 80% at the northern end 
of the transect. However, relatively high abundances 
of subpolar foraminifer species, up to 50% in the 
Fig. 4. (a) Histogram showing the standing stock (%) for each sampling interval. V = proportion of specimens with a secondary calcite 
crust; 0 = calcification weighting factor (formula given in footnote of Table 1). (b) 6’*0 values vs. depth for water samples 
(0 = equilibrium calcite values). N. pachyderma (sin.) from plankton tows (0 = tests 160-250 pm; v = tests > 250 pm) are indicated 
in the middle of each sampling interval. The vertical lines represent the I? “0 values of N. pachyderma (sin.) from core-top sediments. 
Water values for stations 276, 296, 370 and 376 and core-top values for stations 285, 287, 340 and 370 were linearly interpolated from 
nearby stations (see Fig. 1). 
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Table 1 
6 I8 0 composition and assemblage data of N. pachyderma (sin.) from plankton tows 
Station Depth Stand. Calc. Dead Calc. 6 I* 0 GPDB) Water column 
stock a ind. b ind. ’ weight 160-250 pm > 250pm Calc. Salinity 0 
fat. * 
Cm) (%I (%) (%I (o/o) equilib. (“0 
8’80 
(%o SMOW) 
276 
285 
287 
296 
340 
358 
362 
376 
370 
O-50 21.5 
50-100 13.0 
100-200 35.7 
200-300 21.3 
300-500 8.5 
O-50 39.9 
50-100 44.8 
100-200 9.0 
200-300 2.7 
300-500 3.6 
6 7 4 
9 14 3 
31 27 53 
23 28 23 
23 28 18 
9 12 25 
14 14 43 
10 15 12 
10 8 4 
21 37 16 
O-50 29.1 
50-100 43.4 
100-200 19.1 
200-300 5.7 
300-500 2.8 
O-50 11.8 
50-100 31.8 
100-200 50.2 
200-300 4.0 
300-500 2.2 
O-50 38.7 
50-100 54.1 
100-200 5.5 
200-300 1.0 
300-500 0.6 
O-50 43.0 
50-100 43.0 
100-200 11.7 
200-300 1.5 
300-500 0.7 
O-50 68.1 
50-100 24.9 
100-200 4.6 
200-300 1.6 
300-500 0.9 
O-50 71.2 
50-100 21.1 
100-200 5.7 
200-300 1.1 
300-500 0.9 
5 5 10 
6 8 18 
19 21 40 
27 33 15 
43 48 17 
3 11 1 
16 12 21 
17 18 66 
17 21 5 
29 33 8 
2 1 25 
1 0 8 
14 12 50 
19 39 9 
10 13 8 
0.3 1 8 
0.3 1 8 
5 6 64 
9 3 16 
3 3 5 
0 0 0 
1 1 40 
2 2 20 
3 3 10 
8 3 30 
8 8 46 
14 10 23 
31 31 21 
29 29 4 
25 25 6 
O-50 65.5 0.1 0 2 
50-100 27.1 10 8 69 
100-200 5.2 6 8 18 
200-300 1.4 13 20 9 
300-500 0.7 3 3 3 
3.20 
3.38 
3.32 
3.12 
3.73 
3.63 
3.55 
3.09 
2.73 
3.73 
3.83 
3.39 
3.59 
3.40 
3.60 
3.44 
3.39 
3.87 
3.76 
3.53 
3.26 
3.64 
3.55 
3.83 
3.88 
3.55 
3.02 
3.00 
3.91 
3.67 
3.49 
3.27 
3.49 
3.69 
2.77 
3.22 
3.22 
3.44 
3.46 
3.76 
3.84 
3.64 
3.64 
3.09 
3.09 
2.67 
3.00 2.86 
2.29 2.62 
1.91 2.09 
2.19 2.65 
2.72 2.73 
3.26 2.61 
2.81 
4.69 34.315 - 1.625 0.22 
4.49 34.661 - 0.845 0.25 
4.04 34.862 0.734 0.25 
3.85 34.952 1.411 0.25 
4.13 34.917 0.607 0.30 
4.67 34.239 - 1.542 0.225 
4.18 34.69 0.175 0.229 
3.87 34.88 1.339 0.25 1 
3.83 34.942 1.536 0.257 
3.92 34.962 1.368 0.309 
4.73 34.163 - 1.643 0.255 
4.25 34.675 0.012 0.254 
3.93 34.88 1.239 0.281 
3.91 34.938 1.420 0.311 
3.90 34.965 1.395 0.296 
4.70 34.246 - 1.658 0.22 
4.30 34.642 -0.172 0.25 
3.94 34.859 1.196 0.28 
3.83 34.932 1.534 0.26 
3.88 34.96 1.442 0.29 
4.64 34.124 - 1.831 0.112 
4.55 34.329 - 1.555 0.105 
3.94 34.743 0.963 0.209 
3.80 34.907 1.629 0.254 
3.86 34.941 1.503 0.281 
4.21 34.102 - 1.808 -0.31 
4.27 34.221 - 1.834 - 0.257 
4.12 34.552 - 0.088 0.097 
3.73 34.881 1.731 0.213 
3.83 34.922 1.389 0.218 
3.82 33.936 - 1.824 -0.7 
3.98 34.176 - 1.844 - 0.552 
4.16 34.412 - 0.768 - 0.057 
3.81 34.848 1.639 0.266 
3.90 34.917 1.331 0.277 
3.42 33.729 - 1.812 - 1.1 
3.93 34.086 - 1.83 - 0.6 
4.10 34.373 -0.881 -0.15 
3.84 34.84 1.471 0.25 
3.91 34.898 1.029 0.2 
3.22 33.516 - 1.812 - 1.3 
3.83 34.085 - 1.846 - 0.7 
4.21 34.33 - 1.146 -0.12 
3.95 34.789 1.078 0.25 
3.95 34.889 0.886 0.2 
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Table 1 (continued). 
Station Depth Stand. Calc. Dead 
stock ’ ind. ’ ind. ’ 
Calc. 
weight 
fat. d 
(%) 
6 I8 0 &PDB) Water column 
160-250 pm > 250um &iC. Salinity # S’s0 
(m) (%I (%) (%) 
371 O-50 65.2 1 5 10 
50- 100 26.7 30 33 61 
loo-200 5.2 22 30 19 
200-300 1.4 24 21 6 
3Of-500 1.4 8 20 4 
I .76 
2.3 I 
2.29 
2.03 
2.50 
2.68 
3.07 
equilib. PC) (%o SMOW) 
3.06 33.38 - 1.807 - I .462 
3.79 34.014 - 1.844 - 0.741 
4.08 34.312 - 1.178 - 0.254 
3.98 34.742 0.717 0.181 
3.88 34.889 0.815 0.109 
For each sampling interval of the plankton tow data the average values of 6 l8O, potential temperature and salinity for the water were 
calculated from measurements [14] taken at the same station or linearly interpolated from nearby stations (see inset in Fig. 1). 
a Stand. stock (%) = concentration of foraminifers in interval/sum concentrations in all intervals. 
b Calc. ind. (o/o) = proportion of individuals with a secondary calcite crust. 
’ Dead ind. t%) = proportion of individuals sampled dead. 
d Calc. weight fat. (%I = [stand. stock X L X talc. ind. X (I - dead ind.)]/C[stand. stock X L X calc.ind. X (1 - dead ind.)], where L = 
length of sampling interval. 
southern part of the section, indicate that in the 
southern Nansen Basin at least some of the planktic 
foraminifers may be advected from the south by the 
West Spitsbergen Current. In the vertical distribu- 
tion, the plankton tow data show maximum concen- 
trations of N. pachyderm (sin.) between 0 and 50 m 
depth north of 83”N latitude, while further south 
maximum concentrations occur at about 100-200 m 
depth (“standing stock”, Fig. 4a, Table 1). This 
difference in depth distribution is also seen for Tur- 
borotalita quinqueloba [3] and coincides with the 
distribution of different water masses [10,22]. The 
proportion of individuals showing a secondary cal- 
cite crust (“calcified individuals”, Fig. 4a), as well 
as the proportion of dead individuals (Table l), 
increases with depth. 
The S180 composition of N. pachyderma (sin.) 
from net samples shows a consistent offset of about 
0.14%0 ( + 0.06%0 standard error on the average dif- 
ference: calculated from the standard deviation di- 
vided by the square root of the number of measure- 
ments) between the size fractions 160-250 pm and 
> 250 pm. This is in accordance with previous 
observations made on N. pachyderma (sin.) [4,23]. 
In the Atlantic layer, at depths of 200-500 m, a 
value of 3.2%0 is observed. While in the southern 
part of the section (stations 276-340) the vertical 
variation is rather small, S’aO values show a de- 
crease towards the surface in the northern part (sta- 
tions 358-376). 
6 . Discussion of S”O results 
In order to compare S “0 values of water sam- 
ples with those of foraminiferal tests, equilibrium 
calcite values were calculated [15]. In the first part of 
the discussion the importance is stressed of using 
actual S “0 values from water samples for this 
purpose, because of the non-linear salinity/6i80 
relationship in the Arctic Ocean. 
Before comparing equilibrium calcite values with 
. I 
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Fig. 5. 6 “0 values of surface water samples vs. surface salinities 
for positions in the central Arctic Ocean (a), in the southern 
Nansen Basin (0) and in the Norwegian-Greenland seas (0). 
The solid lines show S”O of the upper 500 m of the water 
column vs. salinity for all stations used in this study. 
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N. pachyderma (sin.) 6lsO values from plankton 
tows in the third part of the discussion, a comparison 
with al80 values from N. pachyderma (sin.) in 
core-top sediment samples is made, since this is the 
line of argument usually taken, due to the lack of 
plankton tow data. 
6.1. 6 “0 and salinity in the water column 
Although surface 6i8O values vs. surface salinity 
measurements lie at first glance on a straight line for 
central Arctic Ocean data (Fig. 5; closed symbols), 
this is not true for samples taken over the depth 
range of the halocline (Fig. 5; solid lines). Linear 
extrapolation to zero salinity may lead to 6 ‘*O 
values lower than -50%0 and up to O%O within a 
single profile. This non-linearity is due to the com- 
plicated mixture of freshwaters from different sources 
with different 6 “0 signatures: (1) runoff and pre- 
cipitation (about - 21%0 in 6l*O; e.g., [24]), which 
strongly influence the 6”O balance of sea water 
(about O%O in S “0); (2) freshwater from sea-ice 
melting, which has very little influence on the 6’*0 
balance; (3) sea-ice formation, which also has very 
little influence on the 6 igO balance of sea water 
(maximal 2.8%~~ fractionation; [25]) and which re- 
leases brines into the water column. The linear corre- 
lation observed for recent surface data is therefore a 
chance phenomenon and is only applicable to recent 
sediment data for foraminifers that calcify at the 
surface. The application of a linear correlation for 
paleoceanographic purposes is therefore highly ques- 
tionable. 
Within the Atlantic layer calcite equilibrium 6 I80 
values are about 4%0 (Fig. 4b). In the southern 
regime calcite equilibrium 6 ‘* 0 values increase 
slightly towards the surface, reflecting the tempera- 
ture decrease within the water column towards the 
surface (compare temperature distribution in Fig. 
2a). In the northern regime calcite equilibrium 6 ‘* 0 
values decrease towards the surface, due to an in- 
creasing amount of river runoff (compare 6 I8 0 dis- 
tribution in Fig. 2b). 
6.2. Equilibrium calcite values and core-top sedi- 
ment data 
Equilibrium calcite values compared to 6 is 0 val- 
ues of N. pachyderma (sin.) in core-top sediment 
Horibe and Oba, 1972 
l- 
-h 
00 
-2 0 2 4 6 8 
suriace temperature (“C) 
Fig. 6. Isotopic differences (d, -d,) of core-top 6 ‘*O values of 
N. pachydema (sin.) and water samples (converted to the PDB 
scale) vs. surface temperature. The solid lines give the theoretical 
values according to [15] and [26] as indicated. Symbols as in Fig. 
5. 
samples are heavier for stations in the ARK IV/3 
data set (Fig. 4b). If sediment data, together with 
surface water 6 I80 values and surface temperature 
measurements, are studied no functional correlation 
as predicted for equilibrium calcite values can be 
found (Fig. 6). This indicates that N. pachydenna 
(sin.) does not calcify at the surface and that its 
conditions of calcification cannot be used as a proxy 
for surface water conditions. 
When core-top sediment values are compared with 
whole profiles of equilibrium calcite values in the 
water column, a match somewhere over the depth of 
the profile is expected, assuming that N. pachy- 
derma (sin.) has no vital effect [5]. However, from 
the data base it can be observed that modem halo- 
cline water conditions and core-top S “0 values of 
N. pachyderma (sin.) do not always match (see Fig. 
4b; stations 276 and 358-370). If the results of water 
and core-top data (this study and [21,27-311) are 
interpreted in a straight-forward way, planktic 
foraminifers seem to calcify between depths of 150 
and 400 m in the southern Nansen Basin and in the 
upper 50 m just north of Fram Strait, within the 
Canadian Basin and near the Lomonosov Ridge. 
However, over a wide range of the Eurasian Basin, 
foraminifers seem to calcify in a different water 
mass than predicted from the ambient water. We 
believe that such speculations are misleading. For a 
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proper interpretation of the observations a compari- 
son with data from plankton tows is essential. 
6.3. N. pachyderma (sin.) 6 I80 clalues from plankton 
tows 
The weighted average S I80 of net sampled N. 
pachyderm (sin.) is reflected in the 6 “0 values of 
N. pachyderma (sin.) from core-top sediments (Table 
2) at the same positions. Since only calcified tests 
were used for 6 ‘* 0 analyses in the sediments and 
only living calcified specimens were measured from 
the plankton tows, the S 180 value of each sample 
was weighted by the proportion of individuals with a 
secondary calcite crust, the proportion of living indi- 
viduals and the standing stock (formula is given in 
the caption of Table 1). The depth distribution of the 
calcification weighting factors (Fig. 4a) shows in 
which proportion N. pachyderma (sin.> takes up its 
6 ‘* 0 signal at each depth interval, assuming that the 
foraminifers calcified at the depth where they were 
sampled. This assumption seems reasonable because 
all size fractions are similarly distributed within the 
water column [3]. By taking the weighted mean from 
the depth distribution of the weighting factors and 
the standing stock, an “average depth of calcifica- 
tion” and an “average depth of habitat” can be 
derived. The “average depth of calcification” tends 
to lie deeper than the “average depth of habitat” due 
Table 2 
Weighted average 6’*0 value of N. pachyderma (sin.) from 
plankton tows and from core-top sediments for each station. Also 
listed are the average depth of habitat and of calcification (for 
further explanation see text) 
Station Plankton tow averages Core-top data 
Depth Cm) 6”O 6”O Core name(s) 
Habitat Calcific. (%a) (%‘) 
276 200 210 3.42 3.33 1513-9 
285 120 130 3.52 3.5 1515-10 1519.11 
287 130 180 3.42 3.5 1515-10 1519-l 1 
296 150 160 3.54 3.71 1519-11 
340 80 140 3.44 3.5 1519-20 1522-19 
358 80 160 2.76 3.12 1522-19 
362 70 210 2.77 2.64 1523-15 
376 60 90 2.27 2.72 1529-7 
370 70 110 2.81 2.6 1525-2 1527-10 
371 70 I10 2.4 1 2.63 1527-10 
Table 3 
Average isotopic differences between the 6’*0 composition of 
equilibrium calcite and N. pachyderma (sin.) from plankton tows 
(equil. talc. - foram A8 ‘*O) for test size fractions 160-250 pm 
and > 250 km 
Size fraction 
160-250 pm > 250 km 
Southern part 0.8417)%%c 0.64(6& 
Northern part 1.43(1OMFo 1.21(6% 
Whole section l.M(SMoo O.S6(7T%c _ 
Values in parentheses represent the standard error. 
to the impact of the proportion of calcified and living 
individuals. While the “average depth of calcifica- 
tion” lies at 100-200 m depth over the whole length 
of the section, the “average depth of habitat” rises 
from 100-200 m depth in the southern part to 50- 100 
m in the northern part of the section (Fig. 3b and 
Table 2). The fact that earlier studies [32,33] find 
S “0 values of planktonic foraminifera from core-top 
sediments to be heavier than those from tows can be 
attributed to a limited towing depth and also because 
no proper weighing method was applied. For some 
of our stations a similar deviation between tow and 
core-top sediment data is observed (maximum 0.45%0 
at station 376), because 6 ‘*O measurements of N. 
pachyderma (sin.) for these stations were made only 
for the upper part of the water column, due to limited 
sample sizes. 
Relative to the equilibrium calcite values, the 
S ‘*O data of net sampled N. pachydenna (sin.) 
show a consistent offset of about l%o (Table 3). Only 
station 340 is an exception, which we attribute to its 
location near the hydrographic boundary of the 
regimes. To explain the offset, it can either be 
assumed that living N. pachyderma (sin.) have been 
advected over the whole length of the section and are 
carrying in part the signal of a warmer or an isotopi- 
tally lighter water mass, or that N. pachyderma 
(sin.) shows a “vital effect”. For the stations from 
the southern part of the section, advection of 
foraminifers probably plays some role [3] but for the 
stations in the northern part of the section this can be 
ruled out, since there is no oceanographic link to a 
transporting water mass, if the necessary 6 “0 and 
temperature signature, together with a suitable travel 
time are taken into account [IO]. The covariance 
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Fig. 7. Isotopic differences in equilibrium calcite 6 “0 values and 
in net sampled IV. pachyderma (sin.) vs. (a) salinity and (b) 
temperature for the southern (0) and northern part (0) of the 
section. The 6 ‘so values of foraminiferal tests of the size fraction 
160-250 pm were corrected to fit the values of the size fraction 
> 250 p,m by adding 0.14%~~ 
between the profiles, due to the consistency in the 
extent of the offset with depth, also indicates that 
this offset is caused by a vital effect of N. pachy- 
derm (sin.). The data show that N. pachydena 
(sin.) incorporates the al80 of the water column 
with an offset of about 1%0 relative to the calcite 
equilibrium value. This is considerably larger than 
0.4%0 suggested on the basis of indirect evidence 
from sediment data and estimated water 6 la0 values 
only [34,35]. 
The slight differences between the vital effect 
observed for the southern and the northern region of 
the Nansen Basin may be due to partial advection of 
the signal in the southern regime. It should also be 
considered, however, that the two regimes have 
slightly different sample assemblages with respect to 
salinity and temperature. The isotopic differences 
increase slightly with decreasing salinity and temper- 
ature (Fig. 7). Due to the “high noise” in the data 
and the statistically relatively small data base, no 
significant correlation can be deduced. 
7. Conclusions 
Within the modem Arctic Ocean N. pachyderma 
(sin.) lives in different water masses and at different 
depth levels depending on the water mass distribu- 
tion [3]. In the southern part of the Nansen Basin, 
where advection through the Fram Strait may be of 
importance, N. puchydema (sin.) prefers a habitat at 
depths between 100 and 200 m. In the northern 
Nansen Basin the habitat of N. pachyderma (sin.) 
lies on average at about 80 m water depth. The 
average depth of calcification in both regimes lies 
between 100 and 200 m water depth. 
The oxygen isotope composition of live sampled 
N. pachyderma (sin.) matches core-top sediment data, 
but compared to calculated equilibrium calcite values 
the 6 I80 values of living N. pachyderma (sin.) are 
consistently lighter by about l%O. This offset can 
only be explained by a “vital effect” of N. pachy- 
derma (sin.). A possible dependence of the vital 
effect on salinity or temperature of the ambient water 
needs to be further investigated. Even though N. 
pachyderma (sin.) is a polar species, it is possible 
that it behaves differently in a very restricted envi- 
ronment and knowledge gained from more moderate 
climatic conditions might not be applicable to Arctic 
Ocean conditions. N. pachyderma (sin.) specimens 
may not choose their preferred “optimal” depth, 
salinity and temperature range, but may just barely 
survive in the restricted food situation which occurs 
under the permanent sea-ice cover of the Arctic 
Ocean interior. Therefore, their behaviour may be 
controlled by different factors than those usually 
considered. 
The special oceanographic conditions of the Arc- 
tic Ocean lead to severe problems when interpolating 
between S ‘*O and salinity of the water column. Due 
to the fact that N. pachyderm (sin.) does not calcify 
near the surface and because of strong salinity and 
6 I8 0 gradients and a non-linear salinity/S I8 0 corre- 
lation with depth in the water column, it is not 
possible to use the data derived from N. pachydema 
(sin.) under Arctic Ocean conditions as a proxy for 
surface water conditions. Instead, N. pachyderma 
(sin.) records an integrated 8 180 signal for the upper 
water column. Therefore, 6 180 changes recorded by 
N. pachyderma (sin.) can be interpreted as indicating 
significant climatic changes, because a relatively 
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thick part of the water column is affected and not 
just the uppermost surface, which is more likely to 
be overprinted by regional or seasonal signals. This 
fact makes this species a good indicator for water 
mass changes, even though it is difficult to specify 
its average depth of habitat in the water column. 
As indicated by recent paleoceanographic studies, 
the Nordic seas were affected by a moderate inflow 
of Atlantic Water during the last glacial [36-381 
despite the fact that the area was probably covered 
by sea-ice 171. We believe that our study area repre- 
sents an analogous situation: the southern Nansen 
Basin, being predominantly under Atlantic influence 
and having open waters during the summer and the 
northern Nansen Basin, having a core of Atlantic 
water overlain by a thick halocline and summer 
sea-ice coverage of about 80-90% [39]. Therefore, 
the results of this study should be considered not 
only applicable for the interpretation of 6 “0 sedi- 
ment data from the 
Nordic seas and the 
glacial times. 
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